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@ Catalyst for purifying exhaust gas and method for production thereof. 

<g) A catalyst for purifying exhaust gas produced by coating 
honeycomb carriers of monolithic structure with a catalyst 
composition comprising: cerium oxide particles stabilised with 
zirconia or zirconia together with yttria and/or calcia, refractory 
inorganic oxide particles, 0.02 to 2<Vo by weight of rhodium 
based on the catalyst composition, and optionally up to 10<Vb by 
weight of platinum and/or palladium based on the catalyst 
composition. 
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Description 

CATALYST FOR PURIFYING EXHAUST GAS AND METHOD FOR PRODUCTION THEREOF 

This invention relates to a catalyst for purifying exhaust gas and a method for its production More 
particular^ tt re ^ te , s to a catalyst for purifying exhaust gas by the simultaneous removal of such harmful 

2L5 y J°?J b0n ! (HC) u C ^ t>0n monoxide nitr °gen oxides (NOx) contained in the 

exhaust gas from the internal combusion engine of an automobile 

pnoinT^n ^^„ haV f. been prop ° sed for P^nO exhaust gas emanating from the internal combusion 
engine of an automobile. At present, three-way catalysts for the simultaneous removal of CO, HC, and NO x 
constitute the mainstream of the trend of such catalysts. 

^Sum^^r^ *!!5 rStS fLi?*!!^, produced * de P<>siting such active components as platinum (Pt), 
SmJS J 1 rhod,um i Rh ) 8rtner si "9ly or jointly as dispersed on such a refractory inorganic oxide as 

cS?of^S£ w %? d V d *kTk the ?? V Preparin9 3 '"""Position, ^ coatingV monolithic 

carrier of cordierite, for example, with the catalyst composition. Of these three-way catalysts, that which has 
plat num-fam.ly metals including rhodium dispersed densely on activated alumina and also has ceriTm oxJoe 

™™~^ ted jr ? 2f ta ' ySt °° m P osmon is claimed to possess an outstanding purifying ability. 
cnmooS^ J? 9 t0 me Cataly8t aCtive com P° siti o n e promoter component selected from among the 
fif , ^ elements, the compounds of the elements of Group VIII. the alkali metal compounds. 
Ste ^!^ compounds for the purpose of promoting and stablising the catalytic activity of 
™ ee *e active component of catalyst is also now in vogue. Particularly, cerium oxide (Ce0 2 ) . a rare 
earth compound, shows a conspicuous effect as a promoter catalyst and has found widespread utility 
to ounSie ^2!T a ?«f M°^ e "I? ta ' oomPO"! 0 ^ 10 " contributes in a large measure to the catalyst's ability 
^ Tl™ °* and Pt""" combustton at ,ow temperatures. It has been known, however, tha 
22!L2? ^ conditions as experienced in an oxidising atmosphere at elevated temperatures, rhodium is 
25fSn "2? oo nsea - uent| y deprived of activity {refer to J. Catal.. 50, 407, (1977)] and rhodium and 

cena undergo undesirable interaction. In Japanese Patent Laid-open SHO 6i(1986)-11 147 for examole tt is 
disposed that the interaction of rhodium and alumina is diminished by regu ating mepaVSe Ster S 
rhodium This method, however, necessitates intricate steps for wet reduction. It hVbe^nfinned bv the 
present Applicants that this method is not sufficient for the purpose of curbing the^eraXn^ 
csricL 

deoo'srtL^riaonS^ °** J" th , e , CataJySt oomPos't'on include a method which comprises 
2£ JS. V - com P° s, «o n °y impregnating activated alumina with a solution of ceria and a 

t?.! «°h oo"»Priees pouring the bulk or large excess of an oxide, hydroxide, or carbonate of cerium into 

a i^^Tn^^^ C0 "lP 0S,ti0n - *• Ceria ,s deposited on activated alumina, howeve 
w?fn tTorlf 9 e l Ceria partlc,es ,,able to grow md the ceria is deficient in thermal stability 
yjf™ £f exce . ss of a cerium compound is poured into the catalyst composition, there is a disadvantage 
2^onL^K S r Pt,0n °l C8na ,S so ,ar9e 35 to render the produced catalyst very expensive and the frequent 
cLZZ^^^^ T r ?° diUm ,S '"creased to the extent of inducing In undesirable interaction al 

uSrSHO ^S ST" P T n l LaJd "° Pen SH ° «K1«9-171*a3 and Japanese Patent 
m S£S£ S " 0 r 62 < 19 , 87 )- 1 . 68 .544 have a disclosure to the effect that all the rare earth elements are as 
S ^ n9 2i, : con,urn t , as V*'"" 1 ' calcium, and magnesia. The effect which such rare earth elements 
us fd in a catalyst are to manifest In aiding in the catalysis remains yet to be clarified 

otri ^IE?222T2: ^"'^ i" Sed .T^^* 6 pur P° se of stabilising the specific surface area and 
n !S»? if^5 ^ ! pr ° Dertl8S 01 tne o 3 *^ 8 * composition. As far as the use of zirconia as a carrier for a 

45 5W?SSr5Sj n 2f SLf 0 " 08 "?^ T! 0 ^ meth0dS "* P r °PO sed - 88 in Japanese Patent Publication SHO 
45 57(1982)-29.215 and Japanese Patent Laid-Open SHO 57(1982)-1 53.737, for example 

Zirconia possesses highly desirable properties as a carrier for a platinum-family metal. It is nevertheless 
J ?^^ ^ * the " n 5' deterioration and is liable to undergo heavy loss of acuity during protracted uS 
tZT b t T P ^? M : lhe ° f Z,rCOnia aS a tnerma "y S^' 6 sintered article is disclosed for example in 
iTSZSZEl k" S ^,? 5 T (1982 >- 2 ' 382 - ™ e stable sintered article of zirconia is defideni in 

JmSSy Wt !\!u Gh catalyst components as platinum-family metals and ceria and is liable to induce 
fnS °l Pa ? ♦! f ae S? c o m PO n ent and growth of crystals and. as a result, the produced catalyst 
suffers from low thermal stability and poor durability. y 

foMhe^roducton SSSof"' theref ° re " iS tC> provlde a novel ^ for P^ng exhaust gas and a method 

JtlL^Z^Z^^T °l the Present invention to provide a catalyst for purifying exhaust gas which retains 
outstanding durabiity when rt is used under such harsh conditions as encountered in an oxidising atmosphere 
conta m ^inTIe S e a d^^ d e eXhlbit8 * ^ scruDbins at ,ow temperatures to the harmful components 
«7 th^ C ^l n9 H t0 tf )f P resen t invention, there is provided a catalyst for purifying exhaust gas, characterised in 
Srrn^° n, S b earners of monolithic structure coated with a catalyst composition comprising: 

*™r°?t? Pa ?o ? S ^ ab !! SSd Wrth Z ' rCOnia ° r ZirC ° nia togetner ^ ^d/or calcia; refractory inorgank 
oxidej particles; 0.2 to 20/ 0 by weight of rhodium, based on the catalyst composition; optionally up to 10% b, 
weight of at least one platinum-family metal consisting of platinum and/or palladium based on the catalyst 
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composition. 

In the present invention, it has been found that the durability characteristic of rhodium is prominently 
improved by allowing rhodium to be incorporated in the catalyst composition as deposited in a high 
concentration on particles of such a refractory inorganic oxide as alumina, and adjusted in the form of 
aggregate particles of a relatively large average diameter. 5 

It has been further found that an amorphous ceria compound excellent in thermal stability and promoting 
effect is obtained by depositing ceria as dispersed on zirconia or zirconium hydroxide of a high surface area 
and this amorphous ceria hardly undergoes an Interaction with rhodium. It has been also found that the 
catalyst composition which contains the inorganic oxide carrying rhodium in a high concentration obtained as 
described above and the ceria stabilised with zirconia inhibits the undesirable interaction with rhodium and 10 
retains outstanding durability and low-temperature activity even when it is used under such harsh conditions 
as encountered in an oxidisng atmosphere at elevated temperatures. 

The present invention also extends to a method for the production of a catalyst for purifying exhaust gas, 
which comprises: preparing a catalyst composition composed of a refractory inorganic oxide having rhodium 
carried therein in an amount in the range of 0.02 to 2% by weight based on the amount of the catalyst 15 
composition, cerium oxide particles stablised with zirconia or zirconia together with yttria and/ or calcia, and 
refrectory inorganic oxide particles optionally carrying up to 10% by weight based on the amount of the 
catalyst composition of a platinum-family metal consisting of platinum and/or palladium; converting the 
catalyst composition into an aqueous slurry; coating honeycomb carriers of monolithic structure with the 
aqueous slurry; and subsequently drying the resultant coated carrier. 20 
In the accompanying drawings :- 

Figure 1 is an X-ray diffraction diagram of a typical catalyst according to this invention, 
Figures 2 to 4 are X-ray diffraction diagrams of catalysts for comparison, and 

Figure 5 is a chart showing the results of a determination of the bond energy of Ce 3d 5/2 as measured 
for the ceria used in the catalyst of this invention and in catalysts for comparison, with an X-ray 25 
photoelectric spectroscope. 

The catalyst composition to be used In the present invention comprises cerium oxide stablised with zirconia 
or zirconia together with yttria and/or calcia, refractory inorganic oxide particles, rhodium and optionally a 
platinum-family metal consisting of platinum and/or palladium. In a preferred catalyst composition, the rhodium 
is deposited either alone or in combination with the platinum-family metal on the stablised cerium oxide 30 
particles and/or the refractory inorganic oxide particles. 

The amount of rhodium to be carried is in the range of 0.02 to 20/o by weight, preferably 0.1 to 1<>/o by weight, 
based on the amount of the catalyst composition. Preferably, the rhodium is supported by the refractory 
inorganic oxide particles, the rhodium being present in an amount of 1 - 20% by weight based on the 
refractory inorganic oxide particles, if this amount is less than 1% by weight, the deposited rhodium assumes 35 
a state approximating to that of an ordinary high dispersion, undergoes a heavy interaction with the refractory 
inorganic oxide such as alumina, and fails to maintain the desired durability. If this amount exceeds 20% by 
weight, the initial performance is low and the rhodium particles are liable to grow during the course of use. 
When the composition of the refractory inorganic oxide supported rhodium is prepared in the form of 
aggregate particles having a relatively large average diameter of 0.5 to 20um, preferably 1 to 10 um and then 40 
dispersed in the catalyst composition, it serves to mitigate the interaction or reaction of rhodium with the 
refractory inorganic oxide or promoter substance without impairing the efficiency of the reaction for exhaust 
gas scrubbing. 

The refractory inorganic oxides which are usable herein include alumina, silica, titania, and zirconia, for 
example. It is particularly desirable to use alumina, especially activated alumina in the crystalline form of y , 6 , 45 
or 8 . 

The method for the deposition of the platinum-family metal including rhodium is not specifically defined. The 
conventional method of impregnation may be used for the deposition, for example. The composition can be 
obtained by thoroughly mixing the aqueous solution of a rhodium salt such as rhodium nitrate, rhodium 
chloride, or rhodium sulfate with the refractory inorganic oxide in the form of particles and then drying and 50 
calcining the resultant mixture. The calcination temperature is in the range of 300° to 700° C, preferably 400° to 
600° C. 

The cerium oxide composition stabilized with zirconia which constitutes the second characteristic of the 
present invention is obtained by impregnating zirconia or an amorphous zirconium hydrate such as zirconium 
hydroxide in the form of minute particles of a large surface area in the range of 60 to 200 m 2 /g, preferably 80 to 55 
200 m 2 /g, with the aqueous solution of a cerium salt and then drying the impregnated particles and calcing 
them at a temperature in the range of 400° to 700° C, preferably 500° to 600° C. The cerium salts which are 
usable herein include cerium nitrate, cerium sulfate, cerium chloride, and cerium oxalate, for example. 

The content of ceria in the cerium oxide composition stabilized with zirconia is desired to be in the range of 
10 to 500/o by weight, preferably 20 to 30% by weight. When the ceria content is in the preferred range of 20 to 6C 
30% by weight, the produced composition has ceria uniformly formed solid solutions. 

The powdered zirconia-stabilized cerium oxide composition may otherwise be produced by causing 
coprectpitation of the cerium salt with a zirconium salt 

The powdered zirconia-stabilized cerium oxide composition produced as described above, on analysis by 
X-ray diffraction, shows a crystalline structure solely of zirconia. When this powder is calcined in the air at 61 
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*> result of heaUreafmTnff^ Wh,ch has acquired a SSS£f teblltoB themra,, y composition. 

The powdered zirconfoL^n, !° ntent exceeds 50°/o by StS« Partly appears after 10 hours' 

explained by a sTptift on th^' ° f C6ria or *«■ 1ST££ S^? 90 !? 1 CryStal of T" e 
deposed as friS^S^* ■ nd yttrium *»» *5 JSfEEK 1 9 T ^ te Really 

It has been oo&SmE ** *^pSfiS' "* h 2 * rC0n,a ° r the * « 

stabilizing the zirconia an* *r*K y"""" 1 a™ 1 calcium Incorporated in 

test by the meSoTo? onofnT* time ' * the co^^J^^P 08 ^" are effective in 

brings about an addWnn ££ Ptotoetocllte spectroscopy shows imf t^ ? xidatl0n of ceria. The result of tne 

for^d on u ;r s a ^ n *?* e ri r dation -^ 

The stabilized cerium otfrfTL. ^ . OXy9en seeds ha ve been 

zirconia in combination «S2L^S Wtete8 ° f ^ cerium oxide composWon ^!^ engine, 
above. Option^ pJilcS 7!^* and/or «» Partide7o?rS^^ 

incorporated in the S^c^JLT^ °«*> ^SS^^T** oxide «e descrtooci 

Prepared with a laSHJrfalTa™ 1 Whena re ^ cto ^ } norga^Se S uc^? I?- may * additionally 
composition to acSe a S^L?^ 5 '"grated in the cL£?co!22£ 8 a *^ e d alumina or slica 

thus deposited is in th!^!, °L n ° r9an,C oxide not carrying rhodium ThiT ,0lntly 2irconi a and ytrts* 
0-5 to 20 /0 S w %nM ^ 9 Z O,0 l 0 100/0 by we, 9 ht f ™»a desSTo JS^S^ ° f P'atinum-family mlaJ 
From the compos Hoil o^^ 0 " ,s effected ,n the same ma^n^ a V?h^ y * eight ' ^ most desira*!^ 
compositions^ an V™ obtaine d as described above, Tfinishe^ ^Lk *" rhodium mentioned abo7«=*- 
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Example 1 

With 100 ml of an aqueous solution of 50 g of cerium nitrate [Ce(N03)3. 6H2O], 50 g of minute particles of 
zirconia having a specific surface area of 92 nWg (produced by Daiichi Kigenso K.K.) were impregnated and 
mixed. Then the impregnated minute particles were thoroughly dried and calcined at 500° C for one hour. (The 
product was labeled as "sample No. 1.") 5 

Control 1 

Sample a was obtained by following the procedure of Example 1 , except that alumina ( y-alumina) having a 
specific surface area of 155 m 2 /g was used in place of zirconia. 10 

Control 2 

Sample b was obtained by following the . procedure of Example 1, except that zirconia having a specific 
surface area of 45 rr^/g was used instead. 

15 

Example 2 

Sample No. 2 was obtained by following the procedure of Example 1 , except that the amount of cerium 
nitrate was changed to 100 g. 

Control 3 20 

Sample c was obtained by following the procedure of Example 1 , except that the amount of cerium nitrate 
was changed to 200 g. 

Example 3 

With an aqueous rhodium chloride solution containing 0.5 g of rhodium, 5 g of alumina ( y -AI2O3) having a 25 
specific surface area of 90 m 2 /g was impregnated. Then, the impregnated alumina was thoroughly dried and 
subsequently calcined at 500° C for one hour. 

Then, 200g of alumina ( y -AI2O3) having a specific surface area of 155 m 2 /g was impregnated with an 
aqueous platinum chloride solution containing 2.5 g of platinum, to obtain platinum-containing alumina. In a 
ball mill, the two powders obtained as described above and 100 g of cerium compound obtained in the same 30 
manner as in Example 1 were wet pulverized for 20 hours, to obtain an aqueous slurry. Monolithic carriers of 
cordierite (33 mm in inside diameter and 76 mm in length) possessing about 400 cells per square inch of cross 
section were immersed in the aqueous slurry, removed from the slurry, blown with compressed air to remove 
excess slurry from the cells, and then dried, to obtain a catalyst 3. The coating layer of the catalyst was 
photographed in 3,000 magnifications at 300 randomly selected points and analyzed for distribution of 35 
platinum and rhodium by electron probe micro analysis (EPMA), to find that rhodium-containing alumina was 
dispersed in the form of particles having an average diamter of 3 ujti and absolutely no platinum was 
aggregated in the form of particle. By the fluorescent X-ray test, the catalyst 3 was found to contain 0.081 g of 
platinum, 0.016 g of rhodium, and 0.90 g of Ce02 per catalyst. 

40 

Example 4 

Alumina containing rhodium and platinum was obtained by impregnating 10 g of alumina ( Y-AI2O3) having a 
specific surface area of 155 m 2 /g with a mixed solution of rhodium chloride and platinic chloride containing 0.5 
g of rhodium and 2.5 g of platinum, drying the impregnated alumina, and then calcining the dried alumina at 
500° C for one hour. In a ball mili, the powder thus obtained, 80 g of cerium compound obtained in the same -45 
manner as in Example 2, and 210 g of y -alumina were wet pulverized to obtain an aqueous slurry. Thereafter, 
Catalyst 4 was obtained by following the procedure of Example 3. By the EPMA analysis, the coating layer of 
this catalyst was found to contain the platinum and rhodium-containing alumina as dispersed in the form of 
particles having an average diameter of 5um. The amount of the catalyst carried was as shown In Table 1 . 

50 

Control 4 

An aqueous solution of rhodium chloride and platinic chloride contalnng 0.5 g of rhodium and 2.5 g of 
platinum was diluted with purified water. Then, 220 g of y -alumina having a specific surface area of 155 m 2 /g 
was impregnated with the diluted aqueous solution, dried, and then calcined at 500° C for one hour. In a ball 
mill, the powder thus obtained and 80 g of commercially available cerium oxide were wet pulverized, and 55 
treated by following the procedure of Example 3, to obtain catalyst d. When the coating layer of this catalyst 
was tested by EPMA, neither platinum nor rhodium was detected in the form of particles exceeding 0.5u/n in 
diameter. The amount of the catalyst carried was as shown in Table 1 . 

Control 5 GO 

Platinum-containing alumina was obtained by impregnating 100 g of y -alumina with an aqueous solution of 
platinic chloride containing 2.5 g of platinum, and then drying and calcining the impregnated y -alumina. In a 
bail mill, the powder thus obtained and 80 g of commercially available cerium oxide were wet pulverized, to 
obtain an aqueous slurry. Then, 120 g of y- alumina was impregnated with an aqueous solution of rhodium 
chloride containing 0.5 g of rhodium and the resultant impregnated y - alumina was pulverized in a ball mill, to 65 
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10 



15 



obtain an aqueous slurry. The rhodium in the aqueous slurry was fixed by passing hydrogen sulfide gas 
through the rhodium-containing aqueous slurry. 

Monolithic carriers were wash coated with the mixture of the two slurries obtained as described above The 
coated carriers were dried and calcined at 400° C for one hour to obtain a finished catalyst e. When the coating 
layer of this catalyst was tested by EPMA, neither platinum nor rhodium was found to be contained in the form 
of particles exceeding 0.5 urn in diameter. The amount of catalyst carried was as shown in Table 1. 

Example 5 

With an aqueous solution of rhodium nitrate containing 0.3 g of rhodium, 5 g of 8 -alumina having a specific 
S ^^o^? a 0f 90 m /g was impregnated. The Impregnated 6 -alumina was thoroughly dried and then calcined 
at 500 C for one hour, to obtain modiurn-containing alumina. Then, 100 g of cerium compound obtained in 
txample 2 was impregnated with an aqueous solution of palladium nitrate containing 3.0 g of palladium and 
then dried and calcined at 500° C for one hour. 

An aqueous slurry was prepared by wet pulverizing the two powders obtained as described above and 200 g 
of o-alumina and then processed by following the procedure of Example 3, to obtain catalyst 5. When the 
coating layer of this catalyst was tested by EPMA, the rhodium-containing alumina was found to be dispersed 
m the form of particles having an average diameter of 6 urn. The amount of catalyst carried was as shown in 
Table 1 . 
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25 



Control 6 

In a ball mill, 300 g of ceria-containing alumina obtained in the as same manner as in Control 1 was wet 
pulverized to prepare an aqueous slurry and then processed by following the procedure of Example 3 to obtain 

52 monoli J nic |1 c ^ riers - ™* n J the ? UTlers were calc!l,ed at 500°C for one hour, impregnated with an 
aqueous solution of palladium chloride and rhodium chloride, dried, and then calcined at 500°C to obtain 
catalyst f. When the coating layer of the catalyst as tested by EPMA, neither palladium nor rhodium was 
detected in the form of particles exceeding 0.5 urn in diameter. The amount of catalyst carried was as shown in 
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Table 1 



Example No. 



Catalyst No. 



Pt 



Pd 



Rh 



Ce02 



Example 3 
Example 4 
Control 4 
Control 5 
Example 5 
Control 6 



0.081 
0.080 
0.082 
0.081 



0.096 
0.102 



0.016 
0.016 
0.016 
0.016 
0.010 
0.010 



0.90 
1.15 
2.60 
2.55 
1.43 
2.73 



(g/pc) 



45 



50 



55 



Example 6 

The samples obtained in Examples 1 and 2 Controls 1 to 3 and the same samples further calcined at 1 f 000°C 
for 10 hours were subjected to X-ray drffraction. The peaks consequently obtained are shown in Table 2 

Separately, the samples of Example 1 and Control 1 and commercially available ceria (having a specif* 
surface area of 70 m2/g) calcined at 1,000°C for 10 hours for comparison were tested for capacity for oxygea 
storage. The results were as shown in Table 3. This test was carried out with a conventional flow type 
apparatus by reducing a sample in hydrogen at 500° C and then feeding oxygen pulses to the sample under 
continued flow of helium thereby determining the amount of oxygen consumed by the sample. From the 
results of Table 2 and Table 3, It is noted that the ceria compound obtained in accordacne with this invention 
does not induce growth of ceria crystals but retains a highly desirable capacity for oxygen storage even afte- 
exposure to an oxidizing atmosphere at the elevated temperature of 1 000°C 
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Table 2 



Qamnlo 


pan, 


Ono hm ir' 
Wilt? MUUf 


Ten 


No. 


content 


calcination at 


1 IWUI vGI Ol 1 ICL 




(<Vb by 


500° C 


tion at 1.000° C 




weight) 






1 


29 


Zr0 2 


2r0 2 






(monoclinic) 


(tetragonal) 


2 


44 


2r0 2 


Z1-O2 






(monoclinic) 


(tetragonal) 


a 


29 


AI2O3 (y), 


Al 2 0 3 (5,e i a) l 






Ce02 


Ce0 2 


b 


29 


Zr02(mono- 


2r02 






clinic),Ce02 


(mono- 








clinic), Ce0 2 


c 


61 


Zr02(mono- 


ZrO z 






clinic),Ce02 


(tetrago- 








nal), Ce02 



5 



10 



15 



20 



Table 3 



Sample No. 


Oxygen consumption 




(rnol) per mol of Ce 


1 


9.8 x 10-2 


a 


0.1 x 10-2 


Commercially available 


0.2 x 10-2 


ceria 
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35 

Example 7 

The catalysts, Nos. 3 to 5, and the catalysts, Nos. d to f, for comparison were aged in an electric oven and 
then tested for catalytic performance. The aging in the electric oven was carried out under very harsh 
conditions of oxidizing atmosphere at an elevated temperature, i.e. in the air at 900° C, for 20 hours. 

The evaluation of the catalytic performance was effected by the use of an electronically controlled engine 4 40 
cylinders 1,800 cc), with the catalyst inlet gas temperature varied continuously with a heat exchanger from 
200° to 450° C, to find ratios of removal of CO, HC, NO x . In this case, the engine was operated with the space 
velocity (S.V.) fixed at 90,000 hr 1 , the average air/fuel ratio (A/F) fixed at 14.6, and the vibration at ± 0.5 A/F 1 
Hz. The catalyst inlet gas temperature at which the ratios of removal of CO, HC, and NO x reached 50<Vo (T50) 
and the ratio of purification (Q/b) at 460° C were as shown in Table 4. 45 

The catalysts which had undergone the durability test in the engine were similarly tested for catalytic 
performance. In the durability test, an electronically controlled engine (8 cylinders 4,400 cc) was operated in 
the mode of 60 seconds of steady driving and 6 seconds of decelerated driving (during which period the fuel 
was cut and the catalyst was exposed to an oxidizing atmosphere at elevated temperature). Thus, the catalyst 
was aged for 50 hours under conditions such that the catalyst temperature would reach 800° C in the steady 50 
driving. 

The evaluation of the sample for catalytic pef ormance after the durable test with the engine was carried out 
in the same manner as described above. The results were as shown in Table 5. It is clearly noted from the 
results of Tables 4 and 5 that the catalyst disclosed by the present invention experiences sparing deterioration 
and retains highly desirable durability not merely under the normal engine driving conditions but also under 55 
such harsh conditions as encountered in an oxidizing atmosphere at an elevated temperature. 
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Table 4 



5 



10 



f^a talv/o+ hir\ 


Temperature for 50% conversion (°C) 


Ratio of purification(o/o) at 450° C 




CO 


HC 


NO 


CO 


HC 


NO 


3 


372 


375 


369 


85 


83 


87 


4 


365 


371 


360 


88 


87 


88 


d 


426 


431 


422 


69 


65 


71 


e 


403 


410 


401 


72 


70 


72 


5 


355 


358 


356 


97 


98 


96 


f 


394 


397 


399 


83 


85 


82 



Table 5 



20 



Catalyst No. 


Temperature for 500/o conversion (°C) 


Ratio of purification^) at 450° C 




CO I 


HC 


NO 


CO 


HC 


NO 


3 


341 


345 


337 


92 


87 


91 


4 


337 


340 


335 


95 


92 


93 


d 


389 


393 


382 


80 


77 


81 


e 


372 


379 


370 


83 


78 


83 


5 


368 


370 


368 


90 


92 


88 


f 


401 


405 


407 


77 


81 


72 



Example 8 

A zirconla-stabilized cerium oxide (hereinafter referred to as "Ce-ZrOa") powder containing 26% by weight 
of ceria was prepared by mixing an aqueous solution of cerium nitrate and zirconia having a specific surface 
35 area of 82 m 2 /g, drying the resultant mixture, and then calcining the dry mixture in the air at 500°C for two 
hours. 

Then, a mixed powder comprising 20 g of the Ce-Zr0 2 powder and 80 g of activated alumina having a 
specific surface area of 100 m 2 /g was impregnated with an aqueous rhodium nitrate solution containing 0.1 g 
of rhodium. The impregnated powder was dried and then calcined in the air at 500° C for two hours, to prepare 

40 a catalyst composition. 

This catalyst composition was converted into a slurry. Cylindrical monolithic carriers of cordierite 33 mm In 
outside diameter and 76 mm In length possessing about 400 gas-passing cells per square inch of cross 
section were coated with the catalyst composition slurry and then dried at 130° C for three hours, to obtain a 
finished catalyst carrying 6.5 g of the catalyst composition. 

45 Part of the aforementioned Ce-Zr02 powder containing 26% by weight of ceria was calcined in the air at 
900° C for ten hours and subjected to X-ray diffraction. The X-ray diffraction diagram showed only a peak for 
the tetragonal crystal of zirconia as illustrated in Fig. 1. The calcined Ce-Zr02 powder was found to possess a 
specific surface area of 42 m 2 /g. 

50 Example 9 

A finished catalyst was obtained by following the procedure of Example 8, except that a Ce-Zr02 powder 
containing 13% by weight of ceria was used and rhodium was carried on a mixed powder comprising 50 g of 
the Ce-Zn02 powder and 50 g of activated alumina. 

55 Control 7 

A catalyst composition was prepared by impregnating 80 g of activated alumina having a specific surface 
area of 100 m 2 /g with a mixed aqueous solution containing 5.2 g of cerium nitrate as ceria, 14.8 g of zirconium 
nitrate as zirconia, and 0.1 g of rhodium nitrate as rhodium, drying the impregnated activated alumina, and 
calcing the dry alumina in the air at 500° C. 
60 This catalyst composition was converted into a slurry. In the same manner as in Example 8, monolithic 
carriers were coated with the slurry to obtain a finished catalyst carrying 6.5 g of the catalyst composition. 

Control 8 

A mixed powder comprising of 10 g of ceria powder having a specific surface area of 62 m 2 /g, 60 g of 
65 activated alumina powder having a specific surface area of 100 m 2 /g, and 30 g of zirconia powder having a 
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specific surface area of 82 m 2 /g was impregnated with an aqueous solution containing 0.1 g of rhodium nitrate 
as rhodium. The impregnated powder was dried and then calcined at 500° C, to prepare a catalyst composition. 
From this catalyst composition, a finished catalyst carrying 6.5 g of the catalyst composition was obtained by 
following the procedure of Example 8. 

Control 9 

A finished catalyst was obtained by following the procedure of Example 8, except that a zirconia powder 
having a specific surface area of 38 m 2 /g was used instead. 

Part of the Ce-Zr02 powder obtained herein was calcined in the air at 900° C for ten hours and subjected to 
X-ray diffraction. The X-ray diffraction diagram showed a peak for the monoclinic crystal of zirconia and a peak 
for ceria as illustrated in Fig. 2. The calcined powder was found to have a specific surface area of 9.8 m 2 /g. 

Control 10 

A finished catalyst was obtained by following the procedure of Example 8, except that a Ce-Zr0 2 powder 
containing 7<Vo by weight of ceria was used and rhodium was carried on a mixed powder comprising 80 g of the 
Ce-Zr02 powder and 20 g of activated alumina. 

Part of the Ce-Zr02 powder containing 7Q/o by weight of ceria was calcined in the air at 900° C for ten hours 
and subjected to X-ray diffraction. The X-ray diffraction diagram showed a main peak for the monoclinic crystal 
of zirconia and a peak for the tetragonal crystal of zirconia as illustrated in Fig. 3. The calcined powder was 
found to possess a specific surface area of 28 m 2 /g. 

Control 11 

A finished catalyst was obtained by following the procedure of Example 8, except that a Ce-Zr0 2 powder 
containing 85<Vo by weight of ceria was used instead and rhodium was carried on a mixed powder comprising 
15 g of the Ce-Zr02 powder and 85 g of activated alumina. 

Part of the Ce-ZrC>2 powder containing 85<>/o by weight of ceria was calcined in the air at 900° C for ten hours 
and then subjected to X-ray diffraction. The X-ray diffraction diagram showed a peak for ceria and partly a peak 
for the tetragonal crystal of zirconia as illustrated in Fig. 4. The calcined powder was found to possess a 
specific surface area of 3.1 m 2 /g. 

Example 10 

A Ce-Zr02 powder containing 28Q/b by weight of ceria based on zirconia was prepared by mixing an aqueous 
solution of cerium nitrate and zirconium hydroxide having a specific surface area of 98 m 2 /g, drying the 
resultant mixture, and calcining the dry mixture in the air at 500° C for two hours. 

Then, a mixed powder comprising of 25 g of the Ce-Zr0 2 powder mentioned above and 1 15 g of a activated 
alumina containing 3<Vo by weight of ceria and 1% by weight of iron oxide and having a specific surface area of 
123 m 2 /g was impregnated with a mixed aqueous solution of containing 0.2 g of rhodium nitrate as rhodium 
and 1 g of palladium nitrate as palladium. The impregnated powder was dried and then calcined in the air at 
500° C to prepare a catalyst composition. 

This catalyst composition was converted into a slurry. In the same manner as in Example 8, monolithic 
carriers were coated with the slurry to obtain a finished catalyst carrying 9.2 g of the catalyst composition. 

Example 11 

A Ce-Zr02 powder containing 23<>/o by weight of ceria was prepared by treating a mixed aqueous solution of 
cerium nitrate and zirconium nitrate with aqua ammonia thereby inducing coprecipitation of the salts, removing 
the coprecipitate, drying and calcining in the air at 500° C for two hours. This Ce-Zr0 2 powder was found to 
have a specific surface area of 91 m 2 /g. 

Then, a finished catalyst carrying 9.2 g of a catalyst composition was obtained by following the procedure of 
Example 10, except that the Ce-Zr0 2 powder prepared by the coprecipitation method was used instead. 

Example 12 

A finished catalyst was obtained by following the procedure of Example 10, except that amorphous zirconia 
having a specific surface area of 82 m 2 /g was used as the zirconia source for the Ce-Zr02 powder. 

Control 12 

A finished catalyst was obtained by following the procedure of Example 10, except that a zirconia powder 
having a specific surface area of 42 m 2 /g was impregnated with cerium nitrate and a Ce-Zr0 2 powder 
containing 28<>/o by weight of ceria based on zirconia was prepared instead. 

Control 13 

A catalyst composition was prepared by mixing a mixed powder comprising 115 g of activated alumina 
containing 5% by weight of ceria and 1 % by weight of iron oxide and having a specific surface area of 1 23 m 2 / g 
and 18 g of amorphous zirconia powder having a specific surface area of 82 m 2 /g and 7g of cerium nitrate as 
ceria, 0.2 g of rhodium nitrate as rhodium, and 1 g of palladium nitrate as palladium, drying the resultant 
mixture, and calcining the dry mixture in the air at 500° C for two hours. 
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bv SSZ ^Sr^! ^ ,Shed 92 9 of ^talyst composition was obtained 

T^ IS " 1 t on ^ lthl ^ am ^ with the catalyst composition in the same manner as in Example 10. 

7 V ^ components carried per liter of each of the finished catalysts of Examples 8 to 12 
and Controls 7 to 13 were as shown in Table 6. 
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Example 13 



ramiSSSc °*t « ?! * re [ noval of °0 NO x (hereinafter rS«^ ? ° f puriflcation at the intersection 
simnitLL: """^whanoer disposed before the obIbImV^J -S f ■ 38 tem Perature from 200° to 500° C by 
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Z^^ m ^^^ B ^^ to ^^^^t^^^ SOHd S ° ,Ution in • 
° at ^ St P erform «nce as oomired wft^tlS ?2S2SS2 ? tl ? e , present Mention exhibit highly 
From the results described above it is noted thatth ?2 ve ntional catalyst using ceria and zirconii 
outstanding purification ability and at tne same Se ^SStSS, T d J? the P res «"tLenti 0 n7oJSs an 
as expenenced in an oxidizing atmospherTat mJZEZ WCT und ^ such har^h conSns 
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Example 21 

An alumina powder containing platinum and rhodium was obtained by impregnating 200 g of activated 

nStTn^n^t" 9 3 T ° s ^ ace ^T ° f 150 m2/g With a mixture o1 ™ a 9 ueous soltrti °" <* dinitrodianmine 
£ m T e containing 1.5 g of platinum and an aqueous solution of rhodium nitrate containing 0.3 g of 
for ^houre " 9 impregnated activated alumina, and calcining the dry alumina in the air at 400°C 

♦k J he H' in a 'i? m '"' the P |a «num-family metal containing alumina obtained as described above and 100 a of 
* T wo m u? 5 s?u^° nta,n,n9 POWder ° btafned in Examp,e 14 were "ended with water anTnSc7d?to pre,i2 

lentthS^l^l^ J 2 ° btai ? ed by COating mono "t^ carriers (33 mm in diameter and 110 mm in 
length) of cordie ite with the aqueous slurry and then drying the coated carriers at 130°C for three hours. The 
amount of the slurry coting of the finished catalyst was 150 g/liter. 

Examples 22 to 26 and Controls 17 to 19 

thai' theSriSil 05, 1 ? tG 17 ^ 1 X °J W8re ° btained by f °" OWln 9 tne P~cedure of Example 21 , except 
S u?h am ™.nt m ox,d «- con ai ™"9 Powder obtained in Examples 15 to 19 and Controls 14 to 16 were used in 
such amounts as shown in Table 8. 

Control 20 

^nim n J^i e H Cata, fL N °- m . ob ^ ned b y Allowing the procedure of Example 21, except that 100 g of a 
commercially awailable ceria (85 m2/g) was used instead. 

Example 20 

The durability test was performed by use of an electronically controlled engine (8 cylinders 4400 cc) The 
S e n^°S ted bV 3 m ° d ^ °! 60 SeC ° ndS ' Steady drivin 9 ™ d 6 8 «°"ds' decelerated dnWg (durin 
temoeSCS ^JS ^ ° U "* ^P' 6 CatalySt exposed to an ox » di2, "3 atmosphere at an eK e 
temperature) and the sample catalyst as aged for 50 hours under the conditions such that the catarva 
temperature reached 900° C in the steady driving. 1 me CataIySt 

rjJUninlfilfT ° f tna ^^ft «■» Perfoimed by use of an electronically controlled engine by continuously 

tlSSSki ^e^S?^t frW l 200 V° f°° C bY means ° f a heat-exchanger 9 and simultaneous^ 
J™"?. the ^talyst inlet gas temperature for the ratios of removal of CO. HC, and NO x to reach KWo <t«* 

S il L^ /T^^ 6 com P°" ents at «0 D C- The results were as shown in Table 9. 

uSSSSm r22TZ£2! h2" Cataly 1 tS ac ^ din 9 to the Invention retain highly desirable 

X to r:e en sS^of c sroxrd e ex ^ rieno ^ ,n an oxidi2in9 atmosphere at ^ 

Table 9 
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Claims 

1. A catalyst for purifying exhaust gas, characterised in that it comprises honeycomb carriers of 
monolithic structure coated with a catalyst composition comprising: cerium oxide particles stablised with 
zirconia or zircon ia together with yttria and/or calcia; refractory inorganic oxide particles; 0.02 to 2% by 
weight of rhodium, based on the catalyst composition; optionally up to 10% by weight of at least one 
platinum-family metal consisting of platinum and/or palladium based on the catalyst composition. 

2. A catalyst as claimed in Claim 1 , characterised in that the catalyst composition contains the stablised 
cerium oxide particles in the range of 10 to 80% by weight of the catalyst composition. 

3. A catalyst as claimed In Claim 1 or Claim 2, characterised in that the stablised cerium oxide is 
stablised with zirconia and is preferably obtained by impregnating zirconia having a surface area in the 
range of 60 to 200 m 2 /g with a cerium salt and calcining the resultant impregnated zirconia. 

4. A catalyst as claimed in any preceding claim, characterised in that the stabilised cerium oxide 
particles are obtained by impregnating zirconium oxide or hydroxide having a large specific surface area 
in the range of 60 to 200 m 2 /g with a solution of cerium salt or a cerium salt together with an yttrium salt 
and/or a calcium salt, drying the resultant impregnated particles, and then calcining the dry particles. 

5. A catalyst as claimed in any preceding claim, characterised in that the stablised cerium oxide is 
present In a concentration in the range of 10 to 50% by weight as ceria and a plot of the X-ray diffraction 
spectrum does not show a peak for crystalline cerium oxide. 

6. A catalyst as claimed in Claim 5, characterised in that after calcination in air for 10 hours at a 
temperature of 900° C, a plot of the X-ray diffraction spectrum for the stablised cerium shows a peak for 
the tetragonal crystal of zirconia, the cerium oxide is incorporated substantially in the form of a solid 
solution, and the phase transition is stablised in the tetragonal crystal form by ceria or by ceria together 
with yttria and/or calcia. 

7. A catalyst as claimed in any preceding Claim, characterised in that the rhodium is carried on the 
stablised cerium oxide particles and/or the refractory inorganic oxide particles, preferably in an amount in 
the range of 1 to 20% by weight based on the amount of the refractory inorganic oxide. 

8. A catalyst as claimed in any preceding Claim, characterised in that the rhodium carrying refractory 
inorganic oxide is contained in the catalyst composition in the form of aggregate particles having an 
average diameter in the range of 0.5 to 20 um. 

9. A catalyst as claimed in any of Claims 1 to 6, characterised in that the refractory inorganic oxide 
particles carry no rhodium. 

10. A catalyst as claimed in any preceding Claim, characterised in that the refractory inorganic oxide is 
activated alumina, silica, titania, and/or zirconia. 

11. A catalyst as claimed in Claim 10, characterised in that the refractory inorganic oxide is activated 
alumina and the activated alumina optionally contains at least one of the oxides of cerium, yttrium, 
lanthanum, neodymium, zirconium, iron, barium, nickel, and cobalt. 

12. A catalyst as claimed in any preceding Claim, characterised in that the platinum-family metal is 
present in the range of 0.001 to 50/0 by weight based on the amount of the catalyst composition. 

13. A catalyst as claimed in any preceding Claim, characterised In that the platinum-family metal is 
carried on the rhodium-carrying refractory inorganic oxide and/or the stabilised cerium oxide, and or the 
refractory inorganic oxide carrying no rhodium. 

14. A catalyst as claimed in any preceding Claim, characterised in that the catalyst composition is 
present as 50 to 300g per litre of the carrier. 

15. A method for the production of a catalyst for purifying exhaust gas, which comprises: preparing a 
catalyst composition composed of a refractory inorganic oxide having rhodium carried therein in an 
amount in the range of 0.02 to 2% by weight based on the amount of the catalyst composition, cerium 
oxide particles stabilised with zirconia or zirconia together with yttria and/or calcia, and refractory 
inorganic oxide particles optionally carrying up to 10% by weight based on the amount of the catalyst 
composition of a platinum-family metal consisting of platinum and/or palladium; converting the catalyst 
composition into an aqueous slurry; coating honeycomb carriers of monolithic structure with the aqueous 
slurry; and subsequently drying the resultant coated carrier. 
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